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(54) Magnetic memory and method therefor 

(57) A magnetic memory utilizes a magnetic mate- 
rial to concentrate a magnetic field in a magnetic mem- 
ory cell element. The magnetic material reduces the 
amount of current required to read and write the mag- 
netic memory. 
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Description 

Background of the Invention 

The present invention relates, in general, to magne- 
toresistive materials, and more particularly, to a novel 
memory using magnetoresistive materials. 

In the past, a variety of magnetoresistive materials 
have been utilized to form non-volatile memories. Typi- 
cally, such memories utilize an anisotropic magnetore- 
sistive (AMR) or giant magnetoresistive (GMR) 
multilayer magnetic element as a basic memory cell ele- 
ment. The basic memory cell element is covered with a 
dielectric, and a word conductor or word line crosses 
the dielectric at right angles to the basic memory cell 
element. One problem with the prior memory is power 
dissipation. In order to produce a magnetic field that 
was sufficient to read or write the memory, a large cur- 
rent is required which results in high power dissipation 
(typically greater than 50 milliwatts/bit). 

Because of the large magnetic fields (typically 
greater than approximately 50 oersteds) created from 
the large current, it is necessary to have a large dis- 
tance (typically greater than the length of the memory 
cell) between each memory cell in order to prevent the 
large magnetic field from affecting nearby memory cells. 

Accordingly, it is desirable to have a magnetic mem- 
ory that has low power dissipation (less than 50 milli- 
watts/bit), that does not affect nearby memory cells 
when reading or writing a particular memory cell, and 
that does not require a large distance between memory 
cells. 

Brief Description of the Drawings 

FIG. 1 illustrates an enlarged cross-sectional por- 
tion of a magnetic memory in accordance with the 
present invention; 

FIG. 2 illustrates an enlarged cross-sectional por- 
tion of an alternate embodiment of a magnetic 
memory in accordance with the present invention; 
FIG. 3 illustrates an enlarged cross-sectional por- 
tion of another alternate embodiment of a magnetic 
memory in accordance with the present invention; 
FIG. 4 illustrates an enlarged cross-sectional por- 
tion of another alternate embodiment of a magnetic 
memory in accordance with the present invention; 
FIG. 5 illustrates an enlarged cross-sectional por- 
tion of another alternate embodiment of a magnetic 
memory in accordance with the present invention; 
and 

FIG. 6 illustrates an enlarged cross-sectional por- 
tion of a magnetic memory array in accordance with 
the present invention. 

Detailed Description of the Drawings 

FIG. 1 illustrates an enlarged cross-sectional por- 
tion of a magnetic memory array or magnetic memory 



having a magnetic memory cell 10. The memory and 
cell 10 include a substrate 1 1 on which other portions of 
cell 10 are formed. Magnetic memory cell 10 includes a 
magnetic memory cell element 14 in which information 

5 is stored in the form of magnetization vectors within ele- 
ment 14. In the preferred embodiment, element 14 is a 
multi-layer giant magnetoresistive (GMR) material that 
is well known to those skilled in the art. As shown in 
FIG. 1 , element 14 has a length 21 , shown by an arrow, 

10 and a width that is oriented perpendicular to the page. A 
shorting bar or column conductor 12 is utilized to con- 
nect element 14 in a column with other memory cells. A 
dielectric 13 covers element 14 and conductor 12 in 
order to insulate element 14 from a word line conductor 

15 16. Conductor 16 has a width 22, shown by an arrow, 
and a length that is perpendicular to the page and 
extends across the memory. Conductor 16 overlays ele- 
ment 14 and generally extends substantially perpendic- 
ular to element 14. Width 22 typically is at least equal to 

20 length 21. 

A top surface of conductor 16 is covered with a 
magnetic material 17. Material 17 has a high permeabil- 
ity that allows the magnetization direction of material 1 7 
to change in response to a magnetic field created by 

25 conductor 16. The permeability of material 1 7 generally 
is higher than the permeability of element 14. A current 
generally is passed through conductor 16 to create the 
magnetic field. As the magnetic field created by conduc- 
tor 16 increases, the strength of poles accumulated at 

30 each end of material 17 also increases due to the high 
permeability. Consequently, the magnetic field above or 
on the top surface of conductor 16 is substantially zero 
while a magnetic field 20, indicated by an arrow, sur- 
rounding the remainder of conductor 16 is increased by 

35 an amount equal to the amount that the magnetic field 
above or on the top surface of conductor 16 is reduced. 
As a result, magnetic field 20 is concentrated toward 
element 14 and away from the top surface or above the 
top surface of conductor 16. 

40 This increase in the intensity of magnetic field 20 
reduces the amount of current required to flow through 
conductor 16 in order to obtain a given magnetic field 
intensity within element 14. The reduction in current is 
directly proportional to the increased intensity of the 

45 magnetic field within element 1 4 as a result of magnetic 
material 17. ft is believed that material 17 can reduce 
the current required to produce a given magnetic field 
value by about fifty per cent. 

Material 17 typically is formed by performing a blan- 

50 ket deposition of conductor material that is utilized for 
conductor 16, followed by a blanket deposition of the 
material utilized for material 1 7 on top of the material uti- 
lized for conductor 16. Thereafter, a mask is patterned 
on top of the material utilized for material 17, and the 

55 undesired portions of both materials are removed leav- 
ing conductor 16 and material 17. 

FIG. 2 illustrates an enlarged cross-sectional por- 
tion of a magnetic memory cell 25 that is an alternate 
embodiment of memory 10 shown in FIG. 1. Portions of 
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FIG 2 that have the same reference numbers as FIG. 1 
are the same as the corresponding FIG. 1 elements. A 
magnetic material 18 is formed by extending material 17 
over the sides of conductor 16. Magnetic material 18 
concentrates a magnetic field 19, shown by an arrow, 5 
away from the sides of conductor 16 and into element 
1 4. This increases the intensity of field 1 9 by an amount 
equal to the intensity of the magnetic field concentrated 
away from the sides by material 18 and away from the 
top by material 17. 10 

This increase in the intensity of magnetic field 19 
reduces the amount of current required to flow through 
conductor 16 in order to obtain a given magnetic field 
intensity within element 14. The reduction in current is 
directly proportional to the increased intensity of the 15 
magnetic field within element 14 as a result of magnetic 
material 1 7 and magnetic materia! 18. It is believed that 
materials 17 and 18 can reduce the current required to 
produce a given magnetic field value by over fifty per 
cent. 20 

Material 18 typically is formed by first forming con- 
ductor 1 6 and material 1 7. Then, the material utilized for 
material 18 is blanket deposited on top of material 17 
and dielectric 13. A reactive ion etch is subsequently 
used to remove the material on top of conductor 1 6 and 25 
on top of dielectric 13 while leaving material 18 on the 
sides of conductor 16 and extending up to contact mate- 
rial 17. 

FIG. 3 illustrates an enlarged cross-sectional por- 
tion of a magnetic memory cell 30 that is an alternate 30 
embodiment of cell 10 shown in FIG. 1 . Portions of FIG 
1 that have the same reference numbers as FIG. 1 are 
the same as the corresponding FIG. 1 elements. Cell 30 
has a word line conductor 36 that is similar to conductor 
16. However, conductor 36 may have width 23 that is 35 
larger than width 22 as will be seen hereinafter. A mag- 
netic material 31 and a magnetic material 32 are formed 
on top of conductor 12 and generally overlap a portion 
of element 14. Materials 31 and 32 are formed at oppo- 
site ends of length 21 of element 14 so that a gap 37, 40 
shown by an arrow, is formed overlying element 14 and 
positioned between conductor 36 and element 14. Die- 
lectric 13 is formed on top of materials 31 and 32. Con- 
sequently, a portion of dielectric 13 is between 
conductor 36 and materials 31 and 32 so that materials 45 
31 and 32 are adjacent to conductor 36. 

Materials 31 and 32 increase the intensity of mag- 
netic fields 33 and 34, shown by arrows, formed by con- 
ductor 36 by an amount equal to the amount that 
materials 31 and 32 concentrate the magnetic field so 
away from conductor 36. Gap 37 concentrates field 34 
in element 14. Gap 37 has a width that is less than 
length 21 to assist concentrating field 34 in element 14. 
Width 23 generally is larger than length 21 in order to 
ensure that conductor 36 overlaps materials 31 and 32 ss 
so that field 33 reacts with materials 31 and 32. 

FIG. 4 illustrates an enlarged cross-sectional por- 
tion of a magnetic memory cell 35 that is an another 
alternate embodiment of cell 10 shown in FIG. 1 and 



cell 30 shown in FIG. 3. Portions of FIG. 4 that have the 
reference numerals as FIGs. 1 and 3 are the same as 
the corresponding FIG. 1 and 3 elements. Because 
materials 31 and 32 are quite short, the increased inten- 
sity resulting from materials 31 and 32 is small when 
materials 31 and 32 are used alone. However, when 
materials 31 and 32 are used together with materials 1 7 
and 1 8, gap 37 concentrates the resulting magnetic field 
into element 14. This resulting magnetic field is 
increased by the amount of the magnetic field concen- 
trated away from above the top surface, the sides, and 
from a portion of the bottom of conductor 36. 

FIG. 5 illustrates an enlarged cross-sectional por- 
tion of a magnetic memory cell 40 that is an another 
alternate embodiment of cell 10 shown in FIG. 1 and 
cell 30 shown in FIG. 3. Portions of FIG. 4 that have the 
reference numerals as FIGs. 1 and 3 are the same as 
the corresponding FIGs. 1 and 3 elements. Cell 40 has 
a magnetic material 41 and a magnetic material 42 
formed on dielectric 13. Materials 41 and 42 function 
similar to materials 31 and 32 shown in FIG. 3. Conduc- 
tor 16 is formed on materials 41 and 42. A magnetic 
material 44 is formed on a top surface of conductor 16, 
and functions similar to material 17 shown in FIG. 1. A 
magnetic material 43 is formed along the sides of con- 
ductor 16 and functions similar to material 18 shown in 
FIG. 2. Materials 41 , 42. 43, and 44 create a gap 47 that 
functions to concentrate a magnetic field 46, shown by 
an arrow, created by conductor 16 away from the top, 
sides, and a portion of the bottom of conductor 16 and 
concentrates magnetic field 46 in element 14. 

FIG. 6 illustrates an enlarged cross-sectional por- 
tion of a magnetic memory array or magnetic memory 
50 that utilizes magnetic memory cell 10 shown in FIG. 
1. Portions of FIG. 5 that have the reference numerals 
as FIGs. 1 and 2 are the same as the corresponding 
FIGs. 1 and 2 elements. Memory 50 includes a plurality 
of cells 10, shown by dashed boxes, that are explained 
in the discussion of FIG. 1. Memory 50 could also utilize 
cell 25 from FIG. 2 or cell 30 from FIG. 3 or cell 35 from 
FIG. 4 or cell 40 from FIG. 5. 

It should be noted that cells 10, 25, 30, 35, and 40 
could also include a digit line that assists in creating the 
magnetic field when the current is too large for the word 
or sense conductors. The digit line typically is on top of 
and perpendicular to the word conductor, but it could 
also be under the magnetic memory cell element. The 
magnetic material, such as material 17, could also be 
around the digit line in addition to or instead of conduc- 
tor 16. 

By now, it should be appreciated that a novel mag- 
netic memory cell has been provided. By concentrating 
the magnetic field away from conductor 16 and concen- 
trating the magnetic field in element 14, the amount of 
current required to produce the magnetic field is 
reduced. Reducing the required current reduces the 
amount of power dissipated by the memory. Addition- 
ally, the magnetic material elements function to reduce 
the effect of the magnetic field created by adjacent mag- 
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netic memory cells. This shielding effect allows the 
memory cells to be placed closer together without hav- 
ing the memory cells disturbed by the magnetic field of 
adjacent memory cells. 

Claims 

1. A method of forming a magnetic memory (10, 25, 
30, 35, 40) comprising: 

forming a conductor (12) overlying a magnetic 
memory cell element (14); and 
concentrating a magnetic field created by the 
conductor (12) away from a portion of the con- 
ductor (12) and toward the magnetic memory 
cell element (14) wherein the magnetic field 
extends into the magnetic memory cell element 
(14). 

2. The method of claim 1 wherein concentrating the 
magnetic field created by the conductor includes 
concentrating the magnetic field away from above a 
top surface of the conductor (12) and toward the 
magnetic memory cell element (14). 

3. The method of claim 1 further including concentrat- 
ing the magnetic field away from each side of the 
conductor (12) and toward the magnetic memory 
cell element (14). 

4. The method of claim 1 wherein concentrating the 
magnetic field created by the conductor (12) 
includes concentrating the magnetic field to extend 
into a gap wherein the gap is between the conduc- 
tor (12) and the magnetic memory cell element (14) 
and wherein the magnetic field extends into the 
magnetic memory cell element (14). 

5. The method of claim 1 wherein forming the conduc- 
tor (12) overlying the magnetic memory cell ele- 
ment (14) includes forming the conductor (12) 
substantially perpendicular to the magnetic mem- 
ory cell element (14). 
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rial (17, 18, 31, 32, 41, 42, 44) has a permeability 
that is higher than a permeability of the magnetic 
memory cell element (14). 

The memory of claim 6 wherein the magnetic mate- 
rial (17, 18, 31 , 32, 41 , 42, 44) is adjacent a top sur- 
face of the conductor (12). 

A magnetic memory (10, 25, 30, 35, 40) compris- 
ing: 

a substrate (11); 

magnetic memory cell element (14) on the sub- 
strate (11); 

a conductor (12) overlying the magnetic mem- 
ory cell element (14); and 
a magnetic material (17, 18. 31 , 32, 41, 42, 44) 
adjacent a surface of the conductor (12). 



6. A magnetic memory (10, 25, 30, 35, 40) compris- 45 
ing: 



a substrate (11); 

a magnetic memory cell element (14) on the 
substrate (11); 

a conductor (12) overlying the GMR magnetic 
memory element (14); 

a dielectric (13) between the conductor (12) 
and the magnetic memory cell element (14); 
and 

a magnetic material (17, 18, 31, 32, 41, 42, 44) 
adjacent a surface of the conductor (12). 
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7. The memory of claim 6 wherein the magnetic mate- 
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